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Abstract

Background: Defining socio-demographic factors, clinical presentations and underlying diseases associated with
COVID-19 severity could be helpful in its management. This study aimed to further clarify the determinants and
clinical risk factors of the disease severity in patients infected with COVID-19.

Methods: A multi-centre descriptive study on all patients who have been diagnosed with COVID-19 in the
province of Tehran from March 2020 up to Dec 2020 was conducted. Data on socio-demographic characteristics,
clinical presentations, comorbidities, and the health outcomes of 205,654 patients were examined. Characteristics of
the study population were described. To assess the association of study variables with the disease severity, the Chi-
Squared test and Multiple Logistic Regression model were applied.

Results: The mean age of the study population was 52.8 years and 93,612 (45.5%) were women. About half of
the patients have presented with low levels of blood oxygen saturation. The ICU admission rate was 17.8%
and the overall mortality rate was 10.0%. Older age, male sex, comorbidities including hypertension, cancer,
chronic respiratory diseases other than asthma, chronic liver diseases, chronic kidney diseases, chronic
neurological disorders, and HIV/AIDS infection were risk markers of poor health outcome. Clinical
presentations related with worse prognosis included fever, difficulty breathing, impaired consciousness, and
cutaneous manifestations.

Conclusion: These results might alert physicians to pay attention to determinants and risk factors associated
with poor prognosis in patients with COVID-19. In addition, our findings aid decision makers to emphasise on
vulnerable groups in the public health strategies that aim at preventing the spread of the disease and its
mortalities.
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Background
The Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) has now affected every corner of the
world. The virus was first identified in China in the late
2019, leading to a wide variety of events including flu-
like, gastrointestinal, and neurological symptoms. The
disease was named as COVID-19 and was stated as a
“Public Health Emergency of International Concern” by
the World Health Organization (WHO) in early 2020 [1,
2]. Within a few months the illness spread to more than
200 countries around the globe with about 70 million
confirmed cases and over a million and a half confirmed
deaths to date (December 10, 2020) [3].
Iran is one of the first and worst affected countries by

SARS-CoV-2 virus, worldwide. The outbreak started
from the province of Qom, where two confirmed deaths
due to COVID-19 were officially reported on February
19. Shortly after, in early March, the disease reached
nearly every province throughout the country [4]. Since
then, massive public health interventions have been im-
posed across the country to contain the spread of the
disease. The pubic health measures included adopting
face mask and physical distancing in enclosed public
places, imposing inter- and intra- city commuting re-
strictions, prohibiting indoor events, and limiting social
gatherings. Though the suppression strategies have been
successful in reducing the cases, counts appear to re-
surge easily when these control measures are relaxed. As
of December 9th 2020, the country has experienced
three major peaks in the COVID-19 epidemic curve,
leading to about 1,100,000 COVID-19 confirmed cases,
and 52,000 confirmed mortalities [5].
As the pandemic wears on, the health and socio-

economic consequences continue to grow. Describing
the clinical features and associated outcomes of patients
diagnosed with coronavirus disease is crucial in improv-
ing our understanding about the disease, in optimising
resource allocation to patients with the highest risk of
severe outcome, and in effectively managing the pan-
demic. Several articles have been published worldwide,
defining the characteristics and outcomes of different
cohorts of patients with COVID-19 [6–11]. However,
most studies are single centre and are focused on hospi-
talized patients. Therefore, more research is needed to
support evidence informed decision making and to en-
hance public awareness. This paper was intended to pro-
vide a more holistic view of the disease by using real-
time data from a large multi centre group of patients di-
agnosed with COVID-19, including patients with mild
symptoms. The aim of the study was to summarize the
socio-demographic and clinical characteristics of the
205,654 patients who were diagnosed with COVID-19 in
Tehran, and to identify the predictors of severe health
outcomes.

Methods
A descriptive epidemiological study was conducted using
the registry database of Coronavirus Control Operations
Headquarter in the province of Tehran. The province is
located in the north-central region of Iran, and is home
to the country’s capital city of Tehran. The most recent
national population census held in 2016, counted a total
population of 13,267,637 for the province, with 8,693,
706 (equivalent to 70% of the inhabitants) living in
urban areas. It is the country’s most populous and im-
portant COVID-19 epicentre [12].
In Iran, the national registry for novel coronavirus dis-

ease was established in March 2020. All suspected, prob-
able, and confirmed case data were prospectively
recorded on the national registry of COVID-19 database,
by using WHO case definition guidance [13]. In this
multi-centre study, all COVID-19 cases who had visited
COVID-19 designated healthcare facilities across the
province of Tehran from March 2020 up to Dec 2020
were included. Data on socio-demographic characteris-
tics, clinical presentations, comorbidities, and the health
outcomes of 205,654 patients were examined. Of note,
all healthcare facilities involved in the treatment of pa-
tients with COVID-19 related symptoms were officially
designated by the Ministry of Health and Medical educa-
tion (MOHME) after the outbreak was declared in early
March 2020.

Variables
Patients’ data included age, sex, residing area, smoking
history, opioids history, history of exposure to SARS-
CoV-2, Clinical presentations (fever, cough, muscle ache,
difficulty breathing, chest pain, loss of smell, loss of
taste, loss of appetite, nausea, diarrhea, headache, ver-
tigo, impaired consciousness, seizure, paresis, paraplegia,
skin lesions), comorbidities (diabetes, hypertension, car-
diovascular diseases (CVD), cancer, asthma, chronic re-
spiratory diseases other than asthma, chronic liver
diseases, chronic kidney diseases, chronic neurological
diseases, chronic haematological diseases, HIV/AIDS,
chronic immune deficiency diseases other than HIV/
AIDS), blood oxygen saturation (SpO2%), chest CT find-
ings, intensive care unit (ICU) admission, and the dis-
ease outcome.
All variables were categorized for ease of interpret-

ation. Patients were split into 9 age groups: 0–9, 10–19,
20–29, 30–39, 40–49, 50–59, 60–79, and 80 years and
above. Sex was defined as being a woman or a man. Res-
iding area was divided into 3 regions based on regional
boundaries of three public health networks who were re-
sponsible for administration of health services in the
province of Tehran. The categories were north and east,
centre and south, and west. The blood oxygen saturation
was classified based on the National Coronavirus
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Control Operations Headquarter protocol as being either
higher than 93%, or 93% and lower. The disease out-
come was categorized as survived, and deceased. All
other variables were documented as yes or no. The his-
tory of exposure to SARS-CoV-2 was defined as having
any recent contacts with a probable or confirmed case of
COVID-19 from 2 days prior to the onset of the symp-
toms till 14 days post symptom onset, and was assessed
by questioning the patient about the contact.

Statistical analysis
Descriptive statistics (absolute number and percentage)
were used to show the characteristics of the study popu-
lation. The Chi-Squared test was performed to analyse
the association of the patients’ characteristics with the
blood oxygen saturation level and disease outcome. Risk
factors associated with low blood oxygen saturation
levels and death were explored by fitting the multivariate
logistic regression model to the data. All estimates were
examined by using IBM SPSS Statistics, version 26 (IBM
Corp., Armonk, N.Y., USA), and the significance level
was set at α < 0.05.
The data was collected by trained health care profes-

sionals and based on a standardized reporting form,
therefore the percentages of missing values were low
and ranged between 1 to 5% across all variables used for
this study. Hence, the effect of the missing data on the
validity of statistical inferences was regarded as insignifi-
cant [14].
The authors confirm that all methods were carried out

in accordance with relevant guidelines and regulations,
including the Declaration of Helsinki.

Results
In this paper, data on 205,654 patients who were diag-
nosed with COVID-19 in the province of Tehran from
March 2020 up to Dec 2020 were analysed. Of the study
population, 64,468 (31.3%) were confirmed cases as de-
fined by having positive SARS-CoV-2 PCR test result;
the remaining were diagnosed according to COVID-19
associated changes in chest CT and clinically-
epidemiologically criteria. Chest CT was performed for
121,973 patients, of whom 91% had shown COVID-19
associated changes. The mean ± SD age of the analytic
population was 52.8 ± 21.1 years (Median 54.0 years) and
93,612 (45.5%) were women. About half of the patients
(48.2%, n = 99,161) have presented with low levels of
blood oxygen saturation (mean ± SD age: 58.6 ± 19.86).
The ICU admission rate was 17.8% (n = 36,692) with the
mean age of 60.9 ± 20.98 for patients who required ICU
admission. Overall, 20,472 individuals (10.0%) have died
with the disease and the mean age of deceased patients
was 67.4 ± 17.37.

Patients with 60 to 69 years of age represented the
most common age group in the study population. About
25% aged over 70 years, and 6% (n = 2857) were among
the children under the age of 19. The majority resided in
the north and east regions of the province. Hyperten-
sion, diabetes, and cardiovascular diseases were the most
common reported comorbidities. The most common
symptom on admission was cough, followed by difficulty
breathing, fever, and muscle ache. With regard to gastro-
intestinal manifestations, nausea was the most common
complaint. Skin lesions and paraplegia were relatively
rare conditions (Table 1).
Patients aged 80 and over, showed the highest propor-

tion of patients experiencing low levels of blood oxygen
saturation. Lowest rate was observed in patients between
the ages of 10 to 19 (Fig. 1). More men patients had
SpO2 of less than 94% compared to women. Greater
proportion of patients have presented with low blood
oxygen saturation level in north and east public health
region, compared to the other two public health areas in
the province. Having a positive history for opioids was
significantly associated with lower levels of SpO2. How-
ever, the association was insignificant for patients with
positive history of smoking. Comorbidities including
hypertension, diabetes, cardiovascular diseases, asthma,
chronic respiratory diseases, chronic kidney diseases,
and chronic neurological disorders were associated with
lower SpO2 in COVID-19 patients. The relation between
low SpO2 and Chronic liver diseases, chronic immune
deficiency disorders, chronic haematological diseases,
and HIV/AIDS was not significant. Among the symp-
toms, all clinical presentations were correlated with low
levels of blood oxygen saturation, except for nausea, ver-
tigo, paraplegia, and skin lesions (Table 2).
In this study, one in every 10 patients died because of

COVID-19. The highest death rate was obtained in
people aged 80 and above, and the lowest rate in chil-
dren with 10 to 19 years of age, developing a J shaped
curve for the age distribution of mortality by COVID-19
(Fig. 2). COVID-19 mortality was higher in men, and in
the public health territories of the north and east region.
Death rate was significantly higher in COVID-19 pa-
tients who had suffered from comorbidities including
diabetes, hypertension, cardiovascular diseases, cancer,
chronic respiratory diseases, chronic liver diseases,
chronic kidney diseases, and chronic neurological disor-
ders, chronic haematological diseases, and HIV/AIDS.
Asthma, and chronic immune deficiency disorders were
not associated with higher mortality. All COVID-19 re-
lated symptoms were significantly correlated with higher
mortality, except for chest pain, vertigo, seizure, and skin
lesions (Table 2).
Results from the multivariate logistic regression ana-

lysis of the predictors of COVID-19 related hypoxia are
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Table 1 Characteristics and clinical presentations in patients with COVID-19

Characteristics Women Men Overall

n % n % n %

Age (years)

0–9 3920 4.2 4955 4.4 8875 4.3

10–19 1627 1.7 1931 1.7 3558 1.7

20–29 6278 6.7 7417 6.6 13695 6.7

30–39 13345 14.3 16332 14.6 29677 14.4

40–49 13502 14.4 16773 15.0 30275 14.7

50–59 15551 16.6 18758 16.7 34309 16.7

60–69 16471 17.6 19338 17.3 35809 17.4

70–79 13189 14.1 14753 13.2 27942 13.6

80 and over 9729 10.4 11785 10.5 21514 10.5

Residing area

West 32287 34.5 37607 33.6 69894 34.0

Central, South 23137 24.7 26167 23.4 49304 24.0

North, East 38188 40.8 48268 43.1 86456 42.0

Positive history of smoking 421 0.4 2735 2.4 3156 1.5

Positive history of opioids 306 0.3 1595 1.4 1901 0.9

Positive history of exposure to SARS-CoV-2 30920 33.0 37497 33.5 68417 33.3

Underlying diseases

Diabetes 10384 11.1 9791 8.7 20175 9.8

Hypertension 10827 11.6 10019 8.9 20846 10.1

CVD 8798 9.4 10558 9.4 19355 9.4

Cancer 1906 2.0 2163 1.9 4069 2.0

Asthma 1488 1.6 1246 1.1 2734 1.3

Chronic respiratory diseases 1375 1.5 1781 1.6 3156 1.5

Chronic liver diseases 429 0.5 535 0.5 964 0.5

Chronic kidney diseases 1776 1.9 2477 2.2 4253 2.1

Chronic neurological diseases 896 1.0 991 0.9 1887 0.9

Chronic immune deficiency diseases 364 0.4 262 0.2 626 0.3

Chronic haematological diseases 520 0.6 493 0.4 1013 0.5

HIV/AIDS 73 0.1 81 0.1 154 0.1

Clinical presentations

Fever 31914 34.1 41465 37.0 73379 35.7

Cough 43317 46.3 52321 46.7 95638 46.5

Muscle ache 28439 30.4 32655 29.1 61094 29.7

Difficulty breathing 39842 42.6 49102 43.8 88944 43.2

Chest pain 2476 2.6 2833 2.5 5309 2.6

Loss of smell 1909 2.0 2055 1.8 3964 1.9

Loss of taste 1189 1.3 1309 1.2 2498 1.2

Loss of appetite 4623 4.9 5491 4.9 10114 4.9

Nausea 5243 5.6 4860 4.3 10103 4.9

Diarrhea 2969 3.2 3371 3.0 6340 3.1

Headache 5589 6.0 5558 5.0 11147 5.4

Vertigo 1874 2.0 1922 1.7 3796 1.8
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provided in Table 3. Population aged 60 years and older
had increased odds of death due to COVID-19. Male pa-
tients were more likely to experience low blood oxygen
saturation levels, compared to female patients. People
residing in public health region of north and east,
showed a significantly increased risk of low SpO2 levels
when they were infected with SARS-CoV-2. After ac-
counting for other covariates, positive history of smoking
revealed a protective effect against hypoxia in COVID-
19 infected patients. Yet, the association between opioids
dependency and low levels of blood oxygen in SARS-
CoV-2 infected patients remained significant. In the

multivariate analysis, patients with underlying conditions
containing diabetes, hypertension, cardiovascular dis-
eases, chronic respiratory diseases, and chronic kidney
diseases were more likely to present with low SpO2 sat-
uration levels related to COVID-19 infection. Remaining
comorbidities displayed insignificant associations. Clin-
ical presentations including fever, muscle ache, difficulty
breathing, diarrhea, headache, impaired consciousness,
and skin lesions were associated with greater likelihood
of developing low oxygen levels from COVID-19.
Table 4 demonstrates the multivariate logistic regres-

sion analysis of the predictors of COVID-19 related

Table 1 Characteristics and clinical presentations in patients with COVID-19 (Continued)

Characteristics Women Men Overall

n % n % n %

Impaired consciousness 3522 3.8 4554 4.1 8076 3.9

Seizure 311 0.3 366 0.3 677 0.3

Paresis 348 0.4 452 0.4 800 0.4

Paraplegia 127 0.1 129 0.1 256 0.1

Skin lesions 97 0.1 104 0.1 201 0.1

Positive chest CT findings 49475 52.9 62371 55.7 111846 54.4

Admitted to ICU 15899 17.0 20793 18.6 36692 17.8

n number of patients in each sub-category, % percentage from the total number of patients

Fig. 1 Blood oxygen saturation level by age group in patients with COVID-19

Sohrabi et al. BMC Infectious Diseases          (2021) 21:474 Page 5 of 13



Table 2 The distribution of blood oxygen saturation level and disease outcome in patients with COVID-19

Characteristics SpO2 ≤ 93% SpO2 > 93% P
value

Deceased Survived P
valuen % n % n % n %

Age (years)

0–9 3158 3.2 5717 5.4 < 0.001 311 1.5 8564 4.6 < 0.001

10–19 791 0.8 2767 2.6 110 0.5 3448 1.9

20–29 3094 3.1 10601 10.0 234 1.1 13461 7.3

30–39 9067 9.1 20610 19.4 695 3.4 28982 15.7

40–49 12241 12.3 18034 16.9 1342 6.6 28933 15.6

50–59 17845 18.0 16464 15.5 2625 12.8 31684 17.1

60–69 20928 21.1 14881 14.0 4622 22.6 31187 16.8

70–79 17684 17.8 10258 9.6 5110 25.0 22832 12.3

80 and over 14353 7.0 7161 3.5 5425 26.5 16089 8.7

Sex

Women 43053 43.4 50559 47.5 < 0.001 8326 40.7 85286 46.1 < 0.001

Men 56108 56.6 55934 52.5 12148 59.3 99894 53.9

Residing area

West 32089 32.4 37805 35.5 < 0.001 6159 30.1 63735 34.4 < 0.001

Central, South 19738 19.9 29566 27.8 4707 23.0 44597 24.1

North, East 47334 47.7 39122 36.7 9608 46.9 76848 41.5

Positive history of smoking 1522 1.5 1634 1.5 0.99 316 1.5 2840 1.5 0.91

Positive history of opioids 1075 1.1 826 0.8 < 0.001 275 1.3 1626 0.9 < 0.001

Positive history of exposure to SARS-CoV-2 39671 40.0 28746 27.0 < 0.001 7154 34.9 61263 33.1 < 0.001

Underlying diseases

Diabetes 12012 12.1 8163 7.7 < 0.001 3188 15.6 16987 9.2 < 0.001

Hypertension 13164 13.3 7682 7.2 < 0.001 3241 15.8 17605 9.5 < 0.001

CVD 10960 11.1 8395 7.9 < 0.001 3148 15.4 16207 8.8 < 0.001

Cancer 2133 2.2 1936 1.8 < 0.001 786 3.8 3283 1.8 < 0.001

Asthma 1590 1.6 1144 1.1 < 0.001 271 1.3 2463 1.3 0.93

Chronic respiratory diseases 2023 2.0 1133 1.1 < 0.001 556 2.7 2600 1.4 < 0.001

Chronic liver diseases 466 0.5 498 0.5 0.93 141 0.7 823 0.4 < 0.001

Chronic kidney diseases 2488 2.5 1765 1.7 < 0.001 920 4.5 3333 1.8 < 0.001

Chronic neurological diseases 1120 1.1 767 0.7 < 0.001 351 1.7 1536 0.8 < 0.001

Chronic immune deficiency diseases 303 0.3 323 0.3 0.92 68 0.3 558 0.3 0.44

Chronic haematological diseases 505 0.5 508 0.5 0.29 158 0.8 855 0.5 < 0.001

HIV/AIDS 86 0.1 68 0.1 0.05 32 0.2 122 0.1 < 0.001

Clinical presentations

Fever 37864 38.2 35515 33.3 < 0.001 7134 34.8 66245 35.8 0.008

Cough 45873 46.3 49765 46.7 0.03 7943 38.8 87695 47.4 < 0.001

Muscle ache 27006 27.2 34088 32.0 < 0.001 4700 23.0 56394 30.5 < 0.001

Difficulty breathing 55060 55.5 33884 31.8 < 0.001 12839 62.7 76105 41.1 < 0.001

Chest pain 2692 2.7 2617 2.5 < 0.001 566 2.8 4743 2.6 0.08

Loss of smell 1730 1.7 2234 2.1 < 0.001 250 1.2 3714 2.0 < 0.001

Loss of taste 1149 1.2 1349 1.3 0.02 169 0.8 2329 1.3 < 0.001

Loss of appetite 5476 5.5 4638 4.4 < 0.001 1110 5.4 9004 4.9 < 0.001

Nausea 4915 5.0 5188 4.9 0.37 793 3.9 9310 5.0 < 0.001
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death. The odds of death from COVID-19 increased
with age, except for the age group of 20 to 39. Men were
more likely to die of the disease compared to women.
Living in the public health region of central and south
was associated with higher risk of death. Patients with
positive history of smoking were less likely to die of

COVID-19, than their counterparts. However, the asso-
ciation between the positive history of opioids depend-
ency and COVID-19 death was insignificant in
multivariate analysis. Among the comorbidities, cancer,
asthma, chronic respiratory diseases, chronic liver dis-
eases, chronic kidney diseases, chronic neurological

Table 2 The distribution of blood oxygen saturation level and disease outcome in patients with COVID-19 (Continued)

Characteristics SpO2 ≤ 93% SpO2 > 93% P
value

Deceased Survived P
valuen % n % n % n %

Diarrhea 2621 2.6 3719 3.5 < 0.001 424 2.1 5916 3.2 < 0.001

Headache 4940 5.0 6207 5.8 < 0.001 691 3.4 10456 5.6 < 0.001

Vertigo 1839 1.9 1957 1.8 0.77 356 1.7 3440 1.9 0.23

Impaired consciousness 6015 6.1 2061 1.9 < 0.001 3213 15.7 4863 2.6 < 0.001

Seizure 262 0.3 415 0.4 < 0.001 67 0.3 610 0.3 0.95

Paresis 429 0.4 371 0.3 0.002 132 0.6 668 0.4 < 0.001

Paraplegia 143 0.1 113 0.1 0.01 44 0.2 212 0.1 < 0.001

Skin lesions 89 0.1 112 0.1 0.26 16 0.1 185 0.1 0.34

Positive chest CT findings 66027 66.6 45819 43.0 < 0.001 13408 65.5 98438 53.2 < 0.001

Admitted to ICU 23912 24.1 12780 12.0 < 0.001 11011 53.8 25681 13.9 < 0.001

n number of patients in each sub-category, % percentage of patients in each sub-category; P-value obtained from Pearson Chi-Square test

Fig. 2 Disease outcome by age group in patients with COVID-19
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Table 3 Logistic regression model of independent variables associated with SpO2 levels in patients with COVID-19

Variables aOR 95% Confidence Interval P
valueLower Upper

Age (years)

0–19 1

20–39 0.52 0.492 0.563 < 0.001

40–59 0.94 0.889 1.010 0.09

60 and over 1.51 1.422 1.616 < 0.001

Sex

Women 1

Men 1.15 1.124 1.181 < 0.001

Residing area

West 1

Central, South 1.15 1.11 1.20 < 0.001

North, East 1.66 1.622 1.712 < 0.001

Positive history of smoking 0.82 0.747 0.904 < 0.001

Positive history of opioids 1.15 1.027 1.306 0.01

Positive history of exposure to SARS-CoV-2 1.76 1.724 1.815 < 0.001

Positive chest CT findings 3.10 2.956 3.256 < 0.001

Underlying diseases

Diabetes 0.92 0.890 0.968 < 0.001

Hypertension 1.12 1.083 1.174 < 0.001

CVD 0.74 0.717 0.780 < 0.001

Cancer 0.916 0.842 0.997 0.43

Asthma 1.03 0.933 1.154 0.49

Chronic respiratory diseases 1.26 1.147 1.398 < 0.001

Chronic liver diseases 0.86 0.726 1.030 0.10

Chronic kidney diseases 0.89 0.828 0.976 0.01

Chronic neurological diseases 1.12 0.989 1.271 0.07

Chronic immune deficiency diseases 1.08 0.868 1.359 0.47

Chronic haematological diseases 0.85 0.722 1.020 0.82

HIV/AIDS 1.34 0.865 2.096 0.18

Clinical presentations

Fever 1.40 1.370 1.444 < 0.001

Cough 0.99 0.970 1.021 0.70

Muscle ache 0.88 0.861 0.910 < 0.001

Difficulty breathing 2.43 2.369 2.493 < 0.001

Chest pain 0.99 0.926 1.067 0.87

Loss of smell 1.00 0.915 1.107 0.89

Loss of taste 1.07 0.949 1.215 0.26

Loss of appetite 0.99 0.940 1.045 0.73

Nausea 1.02 0.967 1.080 0.44

Diarrhea 0.81 0.764 0.879 < 0.001

Headache 0.84 0.802 0.891 < 0.001

Vertigo 0.95 0.880 1.042 0.31

Impaired consciousness 2.26 2.115 2.419 < 0.001
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disorders, and HIV/AIDS were associated with increased
risk of death in patients with SARS-CoV-2 infection.
Diabetes, hypertension, cardiovascular diseases, chronic
immune deficiency disorders, and chronic haemato-
logical diseases were insignificantly correlated the
COVID-19 mortality rate. Clinical presentations includ-
ing fever, cough, muscle ache, difficulty breathing, blood
oxygen saturation of less than 94%, nausea, headache,
and impaired consciousness were associated with higher
risk of death in patients infected with SARS-CoV-2.

Discussion
This research is a multicentre descriptive study on the
socio-demographic determinants and clinical character-
istics of a large group of 205,654 patients with COVID-
19. The main findings showed that older age (60 and
older), male sex, residing in the north and east region of
the province, having a positive history for opioids de-
pendency, and having COVID-19 exposure history were
associated with low levels of blood oxygen saturation in
patients infected with SARS-CoV-2. Patients suffering
from comorbidities including diabetes, hypertension,
cardiovascular diseases, chronic respiratory, and chronic
kidney diseases were more likely to develop low SpO2
levels. Clinical manifestations correlated with the
COVID-19 related hypoxia were fever, muscle ache, dif-
ficulty breathing, diarrhea, headache, impaired con-
sciousness, and skin lesions. The positive predictors of
mortality due to COVID-19 were older age (60 and
older), male sex, residing in the public health region of
central and south, and having COVID-19 exposure his-
tory. Comorbidities containing cancer, asthma, chronic
respiratory diseases, chronic liver and chronic kidney
diseases, chronic neurological disorders, and HIV/AIDS
infection were associated with higher risk of death in pa-
tients infected with SARS-CoV-2. Fever, cough, muscle
ache, difficulty breathing, SpO2 ≤ 93, nausea, headache,
and impaired consciousness were clinical presentations
with increased odds of COVID-19 mortality. Smoking
revealed a protective effect against both the low blood
oxygen saturation levels and death in patients with
SARS-CoV-2 infection.
The mean age of patients in our study was 53 years

old, which was in line with the estimated mean age of

COVID-19 patients for outside China (52.5 years old)
stated in a systematic review of 10 regions from around
the globe. However, it was higher than the findings in
China, where the mean age of patients was reported as
46 years old [15]. Compared to a study conducted in
Iran early in the epidemic (57.3 years), a slight decrease
was noticeable in the mean age of patients with SARS-
CoV-2 infection [10]. This age shift could be related
partly to the increased number of younger adults return-
ing to workplaces and universities in the past few
months. In this study, a greater number of men were in-
fected with SARS-CoV-2 than women (male to female
ratio of 1.2). This pattern was observed in most coun-
tries and might be attributed to the biological factors
which make men generally more susceptible to viral in-
fections [16, 17]. Counts were highest in the public
health region of North and East. However, since this
public health unit covers a greater proportion of people
in the province compared to the other two public health
units, this finding was consistent with the expectations.
The most common comorbidity reported in COVID-19
patients was hypertension, followed by diabetes, and car-
diovascular diseases. The results were aligned with find-
ings from a systematic review of 9249 patients with SARS-
CoV-2 infection [18]. The possible explanation for high
rates of the abovementioned underlying diseases in pa-
tients with COVID-19, is the increased expression of
angiotensin-converting enzyme 2 (ACE2) receptors in pa-
tients with diabetes and in hypertensive patients treated
with ACE2 stimulating medications. ACE2 is believed to
have an important role in the SARS-CoV-2 entry into hu-
man cells [19]. In accordance with previous studies, the
top three common symptoms on admission included
cough, difficulty breathing, and fever. Yet considering
gastrointestinal presentations, the most common symp-
toms in this study were nausea and loss of appetite, while
diarrhea was the major gastrointestinal complaint re-
ported in literature from outside Iran [9, 15, 20].
Our study revealed that about half of the patients with

COVID-19 infection, were suffering from hypoxia at the
time of admission, which was higher than the rate re-
ported from China 36%, but lower than the rate in the
United States (65%) [21, 22]. However, results must be
interpreted with caution given the differences in the age

Table 3 Logistic regression model of independent variables associated with SpO2 levels in patients with COVID-19 (Continued)

Variables aOR 95% Confidence Interval P
valueLower Upper

Seizure 1.01 0.812 1.272 0.88

Paresis 1.07 0.907 1.285 0.39

Paraplegia 0.87 0.648 1.192 0.40

Skin lesions 1.57 1.055 2.362 0.02

Constant 0.152 < 0.001
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Table 4 Logistic regression model of independent variables associated with COVID-19 mortality

Variables aOR 95% Confidence Interval P
valueLower Upper

Age (years)

0–19 1

20–39 0.74 0.635 0.884 0.001

40–59 1.48 1.275 1.720 < 0.001

60 and over 3.70 3.197 4.283 < 0.001

Sex

Women 1

Men 1.23 1.186 1.281 < 0.001

Residing area

West 1

Central, South 1.52 1.444 1.615 < 0.001

North, East 1.42 1.367 1.491 < 0.001

History of smoking 0.76 0.659 0.893 0.001

History of opioids 1.09 0.930 1.289 0.27

History of exposure to SARS-CoV-2 0.96 0.923 0.999 0.04

Positive chest CT findings 2.29 2.060 2.565 < 0.001

Underlying diseases

Diabetes 1.04 0.984 1.102 0.16

Hypertension 0.97 0.923 1.029 0.34

CVD 1.01 0.955 1.071 0.69

Cancer 1.71 1.539 1.905 < 0.001

Asthma 0.76 0.649 0.904 0.002

Chronic respiratory diseases 1.15 1.022 1.315 0.02

Chronic liver diseases 1.41 1.112 1.803 0.005

Chronic kidney diseases 1.75 1.588 1.938 < 0.001

Chronic neurological diseases 1.16 1.001 1.364 0.04

Chronic immune deficiency diseases 1.18 0.828 1.699 0.35

Chronic haematological diseases 1.23 0.976 1.570 0.07

HIV/AIDS 1.77 1.053 2.973 0.03

Symptoms

Fever 1.09 1.099 1.143 < 0.001

Cough 0.83 0.801 0.868 < 0.001

Muscle ache 0.87 0.845 0.924 < 0.001

Difficulty breathing 1.63 1.568 1.701 < 0.001

SpO2 < 93% 2.67 2.547 2.801 < 0.001

Chest pain 1.08 0.970 1.204 0.16

Loss of smell 0.90 0.760 1.065 0.21

Loss of taste 0.91 0.738 1.124 0.38

Loss of appetite 1.05 0.969 1.137 0.23

Nausea 0.85 0.775 0.934 0.001

Diarrhea 0.89 0.790 1.012 0.07

Headache 0.78 0.711 0.861 < 0.001

Vertigo 0.99 0.864 1.136 0.89
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structure and disease severity between the study popula-
tions. The ICU admission rate in this study (17.8% of ad-
mitted patients) was low in comparison with China
(23%), and Italy (21%) [20, 23]. These differences can be
justified with the presence of a large proportion of young
adults in patients who have been diagnosed with the dis-
ease during the epidemic in Tehran. At data cut-off for
this study, the overall death rate was 10%, but additional
mortalities may happen in those still hospitalised. The
overall mortality rate was higher than estimates from
Italy (5.6%) or New Zealand (1.5%), but consistent with
the estimated death rate in China (11%). The higher
death rate obtained in our analysis, could be related to
the three consecutive surges of COVID-19 cases during
the epidemic. However, it is worth mentioning that the
estimated death rates are affected by the number of the
tests performed. Higher mortality rates could result
when the denominator, the number of the infected indi-
viduals, are smaller due to lower testing [24]. Therefore,
generalization of the observed mortality rate to the
whole population is not recommended.
In the multivariate analysis, patients with the age of 60

and older and male sex were more likely to present with
low SpO2 levels on admission, and ultimately die as the
result of the disease, which confirms previous findings
[6, 11, 20]. Residing in the public health region of North
and East was associated with higher risk of low blood
oxygen saturation levels in infected patients, whereas,
the probability of death was higher for residents of the
public health unit of Central and South. Generally north
and east areas have higher altitude compared to the rest
of the province, and the lower oxygen levels at those
higher elevated regions may adversely impact the blood
oxygen level in COVID-19 patients and increase their
need for supplemental oxygen. Yet, people living in cen-
tral and south areas are from lower socio-economic sta-
tus which increases their risk of death when infected
with SARS-CoV-2 [25]. Smoking revealed a protective
effect against both low blood oxygen saturation level and
death in patients with COVID-19. Studies conducted
early in the pandemic have reported more severe condi-
tions for smokers with SARS-CoV-2 infection. However,

the majority have not considered the important con-
founders such as age, sex, and existing comorbidities.
More recent evidence has shown lower infection rates in
smokers and the protective effect of nicotine agent is
getting more attention in the literature [26–28]. Having
a positive history for opioids dependency was a positive
predictor for low SpO2 levels. Yet, its association with
COVID-19 related death was insignificant. Similar find-
ings were reported in a study conducted in Spain, how-
ever further studies are needed to elucidate the
prognosis of patients with COVID-19 who use opioids
[28]. Patients with positive history of exposure to SARS-
CoV-2 were more likely to develop low blood oxygen
levels, but were less likely to develop severe health out-
come. Additional work is recommended since studies
have shown inconsistent findings in this respect, never-
theless it could be explained by the differences in the
load of virus between the two groups [29, 30].
With respect to the comorbidities associated with

COVID-19 health outcome, our results revealed that pa-
tients with diabetes and cardiovascular diseases have
lower odds of developing low SpO2 levels, and that the
two underlying diseases were insignificantly associated
with COVID-19 death. Hypertension was a positive pre-
dictor of low blood oxygen levels, but it was not corre-
lated with death in patients with SARS-CoV-2 infection.
These findings do not seem to confirm previous results
which have reported these underlying diseases as im-
portant contributors of poor prognosis in patients with
COVID-19. However, our results seem to be defensible
since most studies have only referred to hospitalized pa-
tients [28, 31]. Asthma was insignificantly associated
with SpO2, but was associated with lower risk of death
in COVID-19 infected patients. This is in good agree-
ment with a study performed in United States including
both in- and out-patients [32]. However, the presence of
other chronic respiratory diseases was associated with
both low SpO2 levels and death. Though, there was a
negative association between having a history of chronic
kidney disease and developing low blood oxygen level,
the condition was an independent risk marker for death
in patients with COVID-19. Cancer, Chronic liver

Table 4 Logistic regression model of independent variables associated with COVID-19 mortality (Continued)

Variables aOR 95% Confidence Interval P
valueLower Upper

Impaired consciousness 3.73 3.508 3.979 < 0.001

Seizure 0.97 0.699 1.366 0.89

Paresis 1.19 0.949 1.491 0.13

Paraplegia 0.74 0.497 1.123 0.16

Skin lesions 0.85 0.450 1.619 0.62

Constant 0.006 < 0.001
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disease, chronic neurological disorders, and HIV/AIDS
infection were insignificantly correlated with low SpO2
levels, nevertheless, they were positively correlated with
the mortality due to COVID-19. Immune deficiency dis-
orders other than HIV/AIDS infection and chronic
haematological diseases showed no relation with blood
oxygen levels or death in SARS-CoV-2 infected patients
in our study.
Regarding clinical presentations, fever, difficulty

breathing, and impaired consciousness were important
risk factors for low blood oxygen saturation level and
death. On the other hand, muscle ache, and headache
were important protective factors for both conditions.
Cough was insignificantly associated with SpO2 levels,
but patients with cough had lower risk of death due to
the disease. These results corroborate previous findings
[6, 28]. Nausea was insignificantly correlated with blood
oxygen saturation level, but was negatively associated
with mortality. Patients reporting diarrhea had lower
odds of developing low blood oxygen levels, but its asso-
ciation with death was not significant. The presence of
skin lesions was an adverse predictor for low SpO2 level,
but not a significant predictor for death. Our result sup-
ports findings from a recent review on this topic, how-
ever, the association of cutaneous manifestations and
death was reported as significant in the mentioned re-
view article [33].
Finally, our study was relied on secondary analysis of exist-

ing data, hence evaluation of factors associated with the
health outcomes of patients with COVID-19 were limited to
available information. Given the cross-sectional nature of
our study drawing conclusions about causal relationships
should be done with cautious. As is the issue with most
datasets on COVID-19, asymptomatic or mild cases who
have not visited the healthcare facilities during the study
period were not included in the analyses. Moreover, evalu-
ation of misdiagnosis which was dependent on the sensitiv-
ity and specificity of the tests, was not possible with existing
data. However, the strength of our study lies in its large mul-
ticentre study population which results in more reliable ex-
tension of inferences to the target population. Additionally,
the registry from where the data was extracted, was the most
complete online source of data on COVID-19 patients in
the province of Tehran including all patients who have vis-
ited the public and private health care facilities in the prov-
ince and were diagnosed with the disease. Given that the
data was collected by trained health care professionals and
based on a unified reporting online form, a high-quality data
was made available to the researchers allowing real-time
processing and analysis of the information.

Conclusion
The findings of this paper indicate that older age, male
sex, suffering from comorbidities included hypertension,

cancer, chronic respiratory diseases other than asthma,
chronic liver diseases, chronic kidney diseases, chronic
neurological disorders, and HIV/AIDS infection are risk
markers of poor health outcome in patients with
COVID-19. The results might also alert physicians to
pay attention to symptoms related with worse prognosis
included fever, difficulty breathing, impaired conscious-
ness, and cutaneous manifestations. In addition, findings
about the correlates of the severe disease in patients with
SARS-CoV-2 infection, aids decision makers to empha-
sise on vulnerable groups in the public health strategies
that aim at preventing the spread of the disease and its
mortalities.
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